T he polym erization o f m e th y l m e th a c ry la te h as b een stu d ie d b y th e v iscosity m e th o d (p a rt I , 1948). The reaction is shown to be a normal radical chain process with velocity constants at 0° C given in table 3.
1948). The reaction is shown to be a normal radical chain process with velocity constants at 0° C given in table 3.
I t has been found th a t irra d ia tio n o f m e th y l m e th a c ry la te b y u ltra -v io le t lig h t p ro d u ces a cata ly st, w hile an in h ib ito r is form ed b y a th e rm a l reactio n . T hese fa c ts a c c o u n t for th e difficulties experienced b y o th e r w orkers. A rein v estig atio n o f th e v a p o u r-p h ase p o ly m eriza tio n shows th a t th e y also a c co u n t for th e anom alous p o ly m erizatio n o bserved b y M elville (1937), a n d a ttrib u te d b y him tb a 'b o u n d -b o n d ' m echanism .
Chain te rm in atio n in th e po ly m erizatio n o f sty ren e a n d m e th y l m e th a c ry la te is show n to occur b y d ispropo rtio n atio n .
In part I of this series (Bamford & Dewar 1948 a) we described a method for deter mining the absolute velocity constants in vinyl polymerizations, and showed th a t it could be applied successfully to styrene. Here we shall describe its application to methyl methacrylate. This monomer was chosen partly because of the technical importance of the polymer, and partly because the work of a large number of investigators has shown th a t its general behaviour is rather similar to th at of styrene.* Further, Melville (1937) has claimed th at the photopolymerization of the vapour follows a special course, involving unusual intermediates. I t was of interest to see whether the liquid-phase polymerization showed any such peculiar features.
We soon found th at the reaction presents a number of anomalies wdiich were not encountered with styrene, and which had to be resolved before any quantitative measurements could be made. The first part of this paper describes a solution of this problem, and the second part the evaluation of the constants.
E xperimental methods (a) Purification of methyl methacrylate
The monomer, purchased from I.C.I., was dried over calcium chloride, and sub mitted to a preliminary distillation in an inert atmosphere through a 50-plate column. The subsequent operations were carried out entirely in vacuo (p < 10~4 mm.). After the monomer had been thoroughly degassed, the purification involved treat ment with lithium, heat and ultra-violet light. In preliminary work the order of * The most detailed investigation is that of Schulz & Blaschke ( 1942) and Schulz & Harborth ( 1947) the stages was varied; in the final purification for the determination of velocity constants the following procedure was found most satisfactory. The ester was first heated for some months a t 100° C until it had polymerized to a syrup. This tre a t ment removes any traces of normal catalysts and inhibitors-peroxides, hydroquinone, etc. After several fractional distillations, the methacrylate was treated overnight with clean lithium. Two further distillations followed, and the ester was then irradiated at 0° C in a quartz reaction vessel with the light of a hot mercury arc filtered through Pyrex, until considerable polymerization had occurred. The final distillation into viscometers was carried out in a system built entirely of quartz, without taps or greased joints, and previously degassed by heating to bright redness in vacuo.
Some experiments were carried out with a specimen of monomer obtained from I.G. Farbenindustrie, with similar results.
(6) Measurement of rates of polymerization
The polymerization was followed as in part I by the rate of change of viscosity. The viscometers, of fused silica, differed somewhat from those described in p art I. The appendage (A, figure 1 ) was attached by a long tube without any constriction. When polymerization had proceeded too far for further measurements to be prac ticable, the liquid was poured into the appendage and distilled back into the visco- meter; the residual polymer was then so situated th at it was unnecessary to seal off the appendage, since the polymer never came into contact with the monomer. The recovery of monomer could thus be repeated many times, and a far greater number of measurements could be made with one specimen. W ith viscometers of this type the times of flow (approximately 80 sec. initially) were reproducible to ± 0*05 sec. and were therefore measured with sec. stop-watches. The observed specific viscosities were corrected to ideal specific viscosities,* as in part I, by using the relation of Schulz & Sing (1943) , which we found to hold accurately for our polymers up to 9/sp =2-5.
In other respects the experimental method followed closely th a t described in part I.
Mechanism of polymerization
We could not obtain reproducible thermal viscosity rates with the technique used previously for styrene. The variations were very large, rates at 25° C varying from 10-4 to less than 10~8sec.-1. If the methacrylate had been irradiated immediately before distillation into the viscometers, high rates were usually obtained, but if heating preceded distillation, little or no reaction could be observed. This result was surprising because the previous treatm ent should have removed all normal catalysts and inhibitors. Moreover, if a specimen of methacrylate which was polymerizing rapidly (in the dark) at 25° C was heated to 100° C for a few minutes, and then cooled to 25° C, the polymerization virtually ceased; a short irradiation was then sufficient to start the (dark) reaction once more. Apparently heating must either destroy a catalyst formed by irradiation, or produce an inhibitor which can be removed by irradiation.
Furthermore, after the light is cut off, the rate of polymerization steadily diminishes with time. Figure 2 shows this effect for a sample of monomer which had been strongly irradiated, and was polymerizing rapidly initially. Since it was necessary to follow the reaction to very high specific viscosities where the SchulzSing relation does not hold, we have followed Foord (1940) in plotting log against time. If drjjdt were constant, the log rjr against t plot would be approximately linear. Figure 3 shows the effect for a sample which contained initially less catalyst or more inhibitors; in this case the final rate was extremely small.
The gradual decay of a catalyst, or accumulation of an inhibitor, would account for these results. Experiments were therefore carried out to distinguish between these possibilities.
(i) Polymerization could be arrested not only by heating the liquid, but also by heating the vapour above the monomer in the viscometer to 180° C for a few minutes, and then cooling and shaking. This result can only be explained if heating the vapour produces an inhibitor.
(ii) Similarly, the rate of polymerization could be greatly increased by irradiating the vapour only with 2537 A. This must imply th a t irradiation produces a catalyst of some kind. (iii) After irradiation of the liquid a t 0° C with 2537 A, the rate, initially high, fell after some time to a constant and reproducible value. This is shown in figure 4 . Over very long periods the rate showed a further gradual falling off, presumably due to Studies in 'polymerization. I l l time (hr.) accumulation of inhibitor (see above). The initial much more rapid fall must be due to a different cause, most probably the decay of a catalyst produced photochemically. The reproducible intermediate rate then corresponds to the true thermal rate.
These experiments show that both phenomena envisaged above do in fact take place. Walling & Briggs (1946) studied the polymerization of methyl methacrylate at comparatively high temperatures (100 to 150° C) using monomer which had been heated for long periods a t 100° C, and then carefully protected from light. Their material must have contained much inhibitor, and their rates could only have been reproducible if the concentration of inhibitor reached a stationary value during the heating. Walling & Briggs deduced from their experiments the rate of initiation and concluded that it had a low activation energy, and a frequency factor of approxi- mately 1. I t is, however, evident th at the quantity measured by Walling & Briggs was not the true rate of formation of active centres, and the very low frequency factor is not significant. The thermal initiation reaction with styrene has a normal frequency factor (see part I).
In figure 5 the viscosity rate at 100° C is plotted against time of heating a t 100° C; the rate was determined by periodically cooling the viscometer to 25°C and measuring the viscosity at th at temperature. The rate falls very rapidly a t first but attains a constant value 5-5 x 10~5 sec.-1 after about 2 \ hr. This constant rate was quite reproducible and is less than one-third of the true thermal rate at 25° C (2-0 x 10_4sec._1). The true thermal rate a t 100° C must be very much greater than this.
Studies in 'polymerization. III
T he 'double-bond mechanism' Melville (1937) observed th a t in the photopolymerization of methyl m ethacrylate vapour, reaction continued in the dark after the light had been cut off. He ascribed this 'photochemical after-effect' to a special kind of polymerization in which the active centres are not radicals but contain 'activated double bonds', and in which there is no termination process, so th a t centres, once formed, continue to grow indefinitely. Indeed, Melville ( , 1940 Melville ( , 1941 has claimed th a t molecules 1cm. long can be obtained by continued growth under suitable conditions.
The phenomenon reported by Melville is evidently similar to the one observed by us in the liquid-phase polymerization; but in our case a t least his mechanism cannot apply. Thus:
(a) Melville's mechanism requires the rate of polymerization to remain constant while the molecular weight of the polymer steadily increases. The viscosity rate would then increase with time, in direct contradiction to our results.
(b) If the liquid monomer is irradiated at 0° C in the appendage of a viscometer, and then distilled into the viscometer while the appendage is maintained a t 0° C, the initial rate of polymerization a t 0° C is very high (up to five times the thermal rate). Evidently the active substance produced by irradiation is volatile a t 0° C; it cannot therefore consist of growing polymer chains, but must be some compound of low molecular weight.
(c) The reaction can be complet ely suppressed by adding traces of standard radical chain inhibitors, e.g. quinone. This suggests very strongly th a t the intermediates are free radicals.
The mechanism suggested by Melville is in any case open to theoretical objections, and could only be accepted if it were based on irrefutable experimental evidence. I t is difficult to see how the lifetime of an excited state of a double bond could extend to several hours or even days, even if transition to the ground state were forbidden. Since his suggestion has been widely discussed, however, we thought it desirable th at the work should be repeated.
Vapour-phase experiments
The first series of experiments was carried out with an arrangement similar to th at used by Melville (1937) . The apparatus is shown in figure 6 . A quartz reaction tube A , with total wall area 25cm.2, was attached by the graded seal to a sodaglass capillary C. A tube D prevented any particles from the vapour falling into the capillary. Pure monomer was distilled into C in vacuo, through the constriction at E, which was then sealed. A and C were separately jacketed, the former in silica, so that they could be maintained at different temperatures. Usually A was kept at 25° C, and Ca t a lower temperature. The disappearance of monomer from C was followed by reading the level of the liquid to 0-01 mm. with a cathetometer. Tube A could be irradiated with 2537 A. The following points were soon established:
After irradiation, the rate of dark polymerization was very variable, being higher the larger the amount of polymer deposited in A . Although Melville claimed that after the ' induction period ' the rates were constant, it is clear from his paper that they did in fact vary considerably (see Melville 1937 , for example, table IV and p. 527).*
(ii) Even after prolonged periods of irradiation the dark rate fell off steadily with time, although the variation was less the greater the quantity of polymer deposited in A Melville (1937) claimed th at when the amount of polymer in the reaction vessel exceeded about 1019 molecules/cm.2, the rate of the dark reaction remained constant for long periods of time. 
(iii)
After about 1020 molecules of monomer had been removed from C, the latter was cooled in liquid air for some time. A considerable fraction of the monomer removed distilled back into C from A -up to 70 % when the vapour was almost * This variation is apart from the discrepancy of a power of 10 between the rates given in his table II and the experimental results in the same table. saturated, i.e. under conditions similar to Melville's. Evidently a large p art of the rate observed by Melville was due not to polymerization, but to solution of the monomer by the polymer-a result which might have been anticipated. I t is clear therefore th a t no definite conclusions about the polymerization can be drawn from such measurements.
We therefore decided to follow the early stages of the reaction in a more precise manner. The apparatus shown in figure 7 was constructed. A quartz reaction vessel A was connected to a burette B, and a sensitive glass bourdon C. All three were kept at 25° C thermostatically. Mereury cut-offs D, E, F, 0 were used instead of taps. Pure monomer stored in the tube H could be admitted through to G, a t a constant pressure (24 mm.) read on manometer I, using as a null instrument. The vapour in A was irradiated by 2537 A at constant intensity for a known time, and the reaction then followed by the pressure change read on C. The pressure changes measured were always small compared to the total pressure, and periodically the pressure was brought back to its original value by raising the mercury in B.
Three phases of the reaction were observed.
(i) In the early stages the rate of pressure change falls quite rapidly after the light has been cut off, following a first-order law, with a half-life of about 10 min., independent of the time of irradiation r. Further, the initial rate is approxi mately proportional to r*. This is illustrated in figure 8 , in which the curves repre sent first-order plots with a half-life of 10 min. The experimental points refer to values of r = 7*5, 30, 120, 270 sec. respectively. The initial rates are in the ratio 1*0: 2*0:4-4: 5*9. In this phase the results are fairly reproducible; the experiments represented in figure 8 were carried out in the order 30, 120, 270, 30, 7-5. If Mel ville's mechanism were correct the initial rates should be directly proportional to r. If, however, the polymerization is of the radical type, initiated by catalyst produced photochemically, it is easily seen th at the initial rate should be propor tional to Ti . The concentration of catalyst c at constant monomer concentration will be given by c = c0e~k< *, and also* c0 = ar, where a is constant for constant light intensity. Thus
w ( 0 , where B is the rate of initiation and is equal to kcc. Hence, from (1) and (2), constant A e~ik^.
From (4) it also follows that the rate should obey a first-order law, with a half-life independent of r.
(ii) When about 2 x 1018molecules/cm.2 of monomer had been deposited as polymer on the walls of A , the rates became very much higher but still decreased with time, the half-fife being unchanged. 
With further increase in the amount of polymer in A (more than about 5 x 1018 molecules monomer/cm.2), the initial rates decrease (as also observed by Melville), but the decrease in rate after cutting off the light becomes progressively less rapid. Figure 9 illustrates these points. I t shows pressure-time curves for the dark reaction following various periods of illumination for different amounts of polymer on the walls of A .These amounts are indicated in the diagram. The last curv series, which refers to an initial polymer deposit of 8 x 1018 molecules monomer/cm.2, is virtually linear for the first 15min., but a t 24min. there is a definite falling off in rate. These results confirm the earlier ones, and show th a t in the later phases of the reaction, the rate never reaches a constant value as claimed by Melville (1937) .
The first phase is readily accounted for by the production of catalyst during irradia tion (see (i) above). During this phase there could not be enough monomer on the walls to absorb a significant fraction of the incident light, and catalyst is therefore formed in the gas phase. If this were not so the rates corresponding to a given time of irradiation would not be independent of the amount of polymer on the walls. When phase (ii) is reached, there is sufficient monomer adsorbed on the walls to absorb most of the light. For a given intensity, catalyst may be produced more rapidly in the liquid than in the gas phase. Since the rate of reaction is still governed by the catalyst concentration, the half-life period is unchanged. Finally, when there is a large amount of polymer, the catalyst will be formed in a layer next to the wall, and diffusion of monomer through the upper layers of polymer may become rate determining. The rate would then remain sensibly constant until a large proportion of the catalyst had disappeared.
In the above experiments no correction has been applied for the absorption of monomer by the polymer. The absorption was found to be small (less than 10 %), as would be expected, sinoe we worked with pressures of methacrylate well below the saturation pressure. Moreover, if during stages (i) and (ii) above, the monomer was removed at the end of a run, and readmitted, equilibrium was established very rapidly. Therefore during such runs the polymer was always saturated with mono mer, and the observed rates were then proportional to the true rates of polymeriza tion.
Under the conditions of Melville's experiments, there is therefore no reason to believe th a t the general mechanism of polymerization differs a t all from the usually accepted scheme for radical chains; nor are there any grounds for believing th a t the polymer can have special properties, e.g. abnormally high molecular weight. In our opinion, the available evidence strongly supports the photochemical formation of a catalyst which we have postulated.
I t seems very likely th at a similar explanation will be found to hold for the vapour-phase polymerization of chloroprene. Chloroprene, according to Bolland & Melville (1938 , shows a similar photochemical after-effect, which they ascribe to the 'double-bond mechanism'. N ature of the photocatalyst and thermal inhibitor
The formation of catalyst and inhibitor from pure methyl methacrylate has been postulated on kinetic grounds, and it would be desirable to have direct chemical evidence for the existence of these substances. We have not been able to identify them, but it is not chemically unreasonable th at compounds with such properties should be formed. Thus the catalyst might have the structure (I), being formed by the reaction This reaction is similar to the photocondensation of acetone and cyclohexane (Bowen & Horton 1936) . The work of Szwarc (1947) suggests th at (I) would be an effective catalyst. (This possibility is being investigated.) Incidentally, similar
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reactions can be written for chloroprene and methyl isopropenyl ketone, which are at present the only other compounds known to show the abnormal photo chemical after-effect (Melville 1941) . In these cases the catalysts would be (I) with methoxyl replaced by hydrogen or methyl respectively. The inhibitor could be p-xyloquinone (II), formed by the reaction XCH2 MeOOCx ^CH-OCx CH3-C / > C -C H 3 -CH3-C < \ c _ C H 3 + 2MeOH \COOMe H2C^ \CO-H C(
II)
The work of Walling & Briggs (1946) suggests th a t the compound is a strong inhibitor but a weak retarder, and (II) should show such behaviour.
C. H. Bamford and M. J. S. Dewar D etermination of the velocity constants
The method described in part I can be used to determine the velocity constants provided suitable precautions are taken. First, the measurements must be made a t low temperatures, so th at the formation of inhibitor during the experiments is not significant. Our measurements were carried out at 0° C. Secondly, the variation in rate due to decay of the photochemical catalyst must be small over the period required for measuring the after-effect. Thirdly, since irradiation produces a catalyst, it is impossible to measure the after-effect for a final rate corresponding to the true thermal rate. However, it is possible to adjust the initial concentration of catalyst so that the rate after measurement of the after-effect has a constant value.* This value, the ' effective thermal ra te ', is used in place of the thermal rate in the equations to determine k 2, k3 and &4; kx is then found by substituting these values in sion for the true thermal rate. At 0° C the thermal rate has the value 2-6 x 10-5 sec.-1 (see figure 4) , and the effective thermal rate used was 3-3 x 10-5sec.-1. The time required to measure the after-effect was 15 min. In this time the effective thermal rate falls to 3*14 x 10-5sec.-1. The error so introduced into the after-effect is less than 5 %.
K inetics and determination of the viscosity exponent
The kinetic scheme developed in part I leads to the following expressions:
where /? = fc3(
is the mol monomer, P is the number average degree of polymerization, I is the light intensity in arbitrary units, A is constant for a given temperature and experimental set up, rj is the ideal specific viscosity, K , cc are the constants relating intrinsic viscosity to molecular weight in the Houwink equation
and kx, k2, k3, &4 are the velocity constants of initiation, propagation, chain transfer and termination, respectively.
In order to proceed further it is necessary to evaluate K and a. The latter may be estimated by measuring the relation between and I for very high light in tensities. Under these conditions equation (6) reduces to -c o n sta n t/t(1_a).
(
8) at
This constitutes a new method for determining a.
In figure 10 , log / is plotted against log dT he last fi on a straight fine of slope 0*115 giving a = 0*77. A equations are relatively insensitive to a; since the expression for the after-effect can only be obtained explicitly for rational a, we have taken a = f . This seemed preferable to f, since the method just described may give values for a which are slightly too small. Moreover, the choice ot -0*8 is entirely justified by the data in table 1 below.
Studies in 'polymerization. I l l 367 login* [7]y\ is the intrinsic viscosity, with concentrations expressed in g./100 cm.3. From the relation established in part II (1948) between the constants K for homogeneous and unfractionated polymer, it follows th at for unfractionated polymer in benzene
A photochemical polymer was prepared at 0° C and values of [?/J were determined in benzene and in methyl methacrylate. These were 10-04 and 7-925 respectively. Hence from (10 ),P n -3-125 x 104, and thus, in monomer solution, assuming and with concentration expressed in base moles/litre (the unit used throughout this paper) £ = 5-05x10-*.
By introducing < x = f into the general equations given in p art I for pre-effects, and integrating, we find 
R esults A thermal polymer a t 0° C was prepared by irradiating the monomer in a visco meter, and allowing to stand until the rate had fallen to the thermal value (see figure 4) . The liquid was then poured into the appendage, and the pure monomer distilled back and allowed to polymerize at 0° C. The polymer was isolated by pre cipitation with methanol, and its intrinsic viscosity determined in benzene. The value found was 163. Thus, a t 0° C P n = 5-93 x 104.
The method used for determining photochemical rates and after-effects was similar to th a t described in part I, with the modification mentioned earlier. The photochemical rates are given in table 1, as ratios to the effective thermal rate. The calculated values given in table 1 were obtained with
(/?' = £3(^4)-*, where k[ refers to the effective thermal rate). The agreement is extremely good over a range of light intensities of 50,000:1, and rates of chain starting of 180,000:1. This may be seen clearly from figure 10 ; the dotted line is the theoretical curve. From equations (6) and (11) 
The observed values of A y f-A 'r f? = Sr/j are given in table 2. The calculated rjj and A ' r j fw ere obtained from equations (12) and (13) 
The values of 8tj at high light intensities are the more reliable. From equations (5), (14), (15), (16), (17) and substituting the true thermal rate (2-6 x 10~5 sec.-1) in (6) we find the values of the velocity constants kv kt, k3, & 4 and k[ given in table 3. Table 4 shows calculated values for the lifetime of single radicals, of growing polymer molecules, and of kinetic chains. 
Discussion
The only quantitative results in the liquid phase available for comparison are those of Schulz & Blaschke (1942) , Schulz & H arborth (1947) and Baxendale, B y water & Evans (1946) . Schulz et al. measured overall rates and molecular weights for the peroxide-catalyzed reaction in benzene solution. Under these conditions polymerization occurs through single-headed radicals, and the degree of poly merization is given by the simple expression
where B is the rate of chain starting, and is proportional to the benzoyl peroxide concentration for a constant monomer concentration. The overall rate is given by By measuring P and -d[M] jdt at various peroxide concentrations, and eliminating B from equations (18), (19), one can evaluate &|/&4 and fc3/fc2. Figure 11 shows Arrhenius plots for these quantities, including Schulz & H arborth's results for 50 and 70° C and our own for 0° C. The agreement is quite satisfactory in both cases, and the corresponding activation energy differences are 2E2-El = 9'9kcal., E 3 -E2 = 5*9kcal. The earlier and less accurate measurements of Schulz & Blaschke (1942) lead to values of 9*4 and 4-1 kcal. respectively.
The corresponding figures for styrene are 10-2 and 7*7 kcal. (part I). I t seems likely th at E z and E± are similar for both reactions, since co-polymerization experiments have shown th at there is no great difference in the reactivities of the radicals or monomers. Probably E z is somewhat smaller for methyl methacrylate. Baxendale, Evans & Kilham (1946) estimated Jc2j1c\ for the polymerization in aqueous solution, initiated by hydroxyl radicals, making use of equation (19) and substituting for B the rate of production of hydroxyl radicals, Which they measured independently. They found for k2jk\ the value 12-3 at 25°, w estimated from figure 11 (5-2 x 10~2) by a factor of about 240. This discrepancy could be ascribed to the Norrish & Smith (1942) effect; in a poor solvent the growing polymer chains coil up and the termination constant is reduced. The effect should be particularly large in water. Moreover, the failure of the line in their figure 3 A to pass through the origin can be so explained. Judging by Norrish & Smith's and Trommsdorff's (1944) results, the decrease in &4 should set in only when the con centration of polymer exceeds a certain value depending on the solvent. The line plotted by Baxendale et al. should bend up sharply at this point, and so the final linear position will not pass through the origin. Baxendale et al. record no measurements of rate during this preliminary phase. From Norrish & Smith's results it can be cal culated that if the increase in rate in bad solvents is due entirely to a decrease in &4, then k4 decreases by a factor of a t least 100 in amyl acetate, and by a much larger factor in cyclohexanol. The variation observed in water is therefore reasonable. Melville (1937) tried to measure the lifetime of growing chains in the hydrogensensitized vapour-phase polymerization by the rotating sector method of Briers, Chapman & Walters (1926) . If the active centres under his conditions were mostly growing polymer radicals, his data would lead to a value of 3 x 106l.mol.-1sec.-1 for Jc2. This value is improbably high, and it therefore seems likely th at the majority of active centres must have been hydrogen atoms, and not polymer radicals.
Studies in polymerization. I l l
Both combination and disproportionation of radicals have been suggested as possible mechanisms for termination, and doubt is still expressed in some quarters on this point. Our results seem to lead to a definite decision in the cases of styrene and methyl methacrylate. The following simple treatm ent is sufficient to show th a t the observations are incompatible with a combination mechanism. The more detailed analysis is not reproduced, as we do not think th at this case will ever arise in practice.
Using the kinetic scheme of part I, with appropriate modifications for the te r mination reactions, we may show th a t the total concentration of radicals [X]j is tion. The ends of the finished molecules can only be formed by the transfer reaction, each transfer process producing two ends. Since each molecule has two ends, the rate of production of polymer molecules is From (22) and (23) we obtain for the number average degree of polymerization provided the viscosity average is proportional to the number average. The detailed treatment, following the method of part II, shows th at The termination reaction given by ( 21) and hence the rate of disappearance of monomer by
These expressions are identical with those holding for termination by disproportiona-
The rate of viscosity increase during illumination is then given by
K B visc./Pw< 2 for 0 < a < 1. (26) Hence if termination occurred by combination, the molecular weight would be independent of the rate of chain starting, and the rate of viscosity increase in the photopolymerization would be proportional to I i a t high light intensities. We find, however, th at the molecular weight decreases with increasing rate of initiation (see part I and pp. 368-9 supra), and th a t a t the highest intensities used, dyldt has the values 023 (styrene at 0° C) and 0-115 (methyl methacrylate at 0°). This discrepancy is much too large to be attributed to variations in the ratio Pvisc.
as will be obvious from equation (26) and figure 10. I t will be clear from the present results, and from those described in part I, th a t both methyl methacrylate and styrene follow closely the kinetics calculated on the basis of termination by disproportionation (see especially table 1 in this paper, in which the rate of initiation varies by a factor of nearly 2 x 105).
I t therefore seems certain th a t termination occurs by disproportionation in the polymerization of styrene and methyl methacrylate under our conditions; and similar conclusions have been reached by Dr Axford and Dr Dixon Lewis working in these laboratories on the polymerizations of p-methoxystyrene and of vinyl acetate.
Baxendale, Bywater & Evans (private communication and 1946) have given evidence which appears to show th a t during the polymerization of methyl m eth acrylate in aqueous solution initiated by Fenton's reagent termination occurs by combination of radicals. This may imply th a t in aqueous solution the termination mechanism is qualitatively different from th a t in pure monomer, but since the conditions used by Baxendale, Bywater & Evans were extremely complex, other explanations of their experiments could be suggested.
